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@ Magnetoresistive effect element.

@ The magnetoresistive effect element (1a) com-
prising an artificial lattice multilayered structure (1A)
comprising a thin magnetic layer (2a, 3a) and a non-
magnetic layer (4a) at least once successively de-
posited and bias field applying means for applying a
bias magnetic field to the artificial lattice multilayer-
ed structure (1). The layer (3a) has a coercive force
Hes which is greater a the coercive force Hg, which
the layer (2a) has. The bias field applying means
applies a bias magnetic field to the artificial lattice
multilayered structure (1A) so that an orientation of
residual magnetization of the another thin magnetic
layer (3a) is the same as an orientation of a bias
magnetic field to be applied to the artificial lattice
multilayered structure (1A). The magnetoresistive ef-
fect element (1a) enhances regenerated outputs and
also improves symmetry of regenerated waveforms.
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The invention relates to a magnetoresistive ef-
fect element for reading out a magnetic field inten-
sity as a signal in magnetic substances such as
magnetic medium.

Recently, there has been developed the im-
provement of sensitivity of a magnetic sensor and
the densification in magnetic recording, and follow-
ing such development, there has also developed a
magnetoresistive effect type magnetic sensor
(hereinafter, referred to simply as a MR sensor)
and a magnetoresistive effect type magnetic head
(hereinafter, referred to simply as a MR head).
Both of a MR sensor and a MR head read out
external magnetic field signals in accordance with a
change in a resistance of a reading sensor com-
posed of magnetic material. Both of a MR sensor
and a MR head have a characteristic that a relative
speed to a recording medium is not dependent on
generated outputs. Hence, a MR sensor can obtain
a high sensitivity, and a MR head can obtain a high
output even in highly densified magnetic record.

Japanese Patent Public Disclosure No. 4-
218982 laid open to public on August 10, 1992 has
suggested an artificial lattice magnetoresistive ef-
fect layered structure which has a multilayered
structure composed of a magnetic layer and a non-
magnetic layer successively deposited and which
exhibits a large change in magnetic resistance gen-
erated due to even a small external field. In this
artificial lattice magnetoresistive effect layered
structure, a magnetic layer has a different coercive
force from that of a magnetic layer deposited adja-
cent thereto via a non-magnetic layer. A mag-
netoresistive effect element disclosed in the above
mentioned Disclosure exhibits a few percents to
tens of percents of resistance change rate even for
an external magnetic field having an intensity rang-
ing from a few of Oe to tens of Oe.

Though the magnetoresistive effect element
can operate even with a small external magnetic
field, it necessary to apply an external bias mag-
netic field to the magnetoresistive effect element to
obtain symmetrical regenerated waveforms of sig-
nals, if the magnetoresistive effect element is to be
used as a practical sensor or magnetic head.

There has been reported another mag-
netoresistive effect layered structure in Physical
Review B, Vol. 43, No. 1, 1991, page 1297, pub-
lished by The American Physical Society. This
magnetoresistive effect element has a structure
comprising at least two thin magnetic layers sepa-
rated by a non-magnetic thin interlayer. Adjacent to
one of soft thin magnetic layers is disposed a thin
antiferromagnetic layer to provide anti-magnetic
force thereto to thereby cause rotation of magnetiz-
ation therein with an external magnetic field which
is different from that of the other soft thin magnetic
layer disposed adjacent to the one of soil thin
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magnetic layer via a non-magnetic layer. Thus, a
change in resistance is caused.

The above mentioned report has suggested, as
a practical MR head, a magnetoresistive effect ele-
ment having a structure comprising a soil magnetic
layer, a non-magnetic insulator, a multilayered
structure, a non-magnetic insulator and a soft mag-
netic layer successively deposited in this order.
However, the magnetoresistive effect element has
problems that regenerated waves have a quite
asymmetrical waveform, and that there is a fear
that the magnetoresistive effect element may cor-
rode because the magnetoresistive effect element
is exposed to an ABS plane. If a magnetoresistive
effect element is designed so that it is separated
from the ABS plane, and an external magnetic field
is infroduced to the magnetoresistive effect ele-
ment through a soft magnetic yoke, the symmetry
of regenerated waveforms are considerably im-
proved to thereby eliminate a fear of the corrosion
of the magnetoresistive effect element.

SUMMARY OF THE INVENTION

In view of the foregoing problems of prior mag-
netoresistive effect elements, it is an object of the
present invention to provide a magnetoresistive ef-
fect element capable of providing the enhancement
of regenerated outputs thereof and also improving
the symmetry of waveforms of regenerated waves.

In one aspect, the invention provides a mag-
netoresistive effect element comprising (a) an artifi-
cial lattice multilayered structure comprising a thin
magnetic layer and a non-magnetic layer at least
once successively deposited, one of the magnetic
thin layers having a coercive force Hge, and an-
other thin magnetic layer deposited adjacent to the
one of the thin magnetic layers through the non-
magnetic layer, having a coercive force Hgz which
is greater than the coercive force Hea (O<Hca<Hcs),
and (b) bias field applying means for applying a
bias magnetic field to the artificial lattice multi-
layered structure, characterized in that the bias
magnetic field is applied to the artificial lattice
multilayered structure so that an orientation of re-
sidual magnetization of the another thin magnetic
layer is the same as an orientation of a bias mag-
netic field to be applied to the artificial lattice
multilayered structure.

In another aspect, the invention provides a
magnetoresistive effect element comprising (a) an
artificial lattice multilayered structure comprising a
first thin magnetic layer, a thin non-magnetic layer
and a second thin magnetic layer at least once
successively deposited in this order, and (b) bias
field applying means for applying a bias magnetic
field to the artificial lattice multilayered structure,
characterized in that the artificial lattice multilayer-
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ed structure further comprising a thin antiferromag-
netic layer so that the artificial lattice multilayered
structure comprises the first thin magnetic layer,
the thin non-magnetic layer, the second thin mag-
netic layer and the thin antiferromagnetic layer at
least once successively deposited in this order,
and the bias magnetic field is applied to the artifi-
cial lattice multilayered structure so that an orienta-
tion of magnetization of a thin magnetic layer a
bias of which is exchanged by the thin antifer-
romagnetic layer is the same as an orientation of a
bias magnetic field to be applied to the ariificial
lattice multilayered structure.

In a preferred embodiment, the bias field ap-
plying means includes a shunt layer a separation of
which cause a magnetic field, the shunt layer being
composed of a non-magnetic layer having a thick-
ness ranging from 2 nm to 20 nm both inclusive.

In another preferred embodiment, the bias field
applying means includes a permanent magnet for
producing a magnetic field, the permanent magnet
having a residual magnetic flux density ranging
from 1000 G to 5000 G both inclusive.

In still another preferred embodiment, the bias
field applying means includes means for generat-
ing an induction field by means of an electrical
current.

In yet another preferred embodiment, the bias
field applying means includes a soft magnetic film
which generates a leakage magnetic field.

In still yet another preferred embodiment, the
bias field applying means includes means for run-
ning a sense current through two of the artificial
lattice multilayered structure to thereby generate a
bias field.

In still another aspect, the invention also pro-
vides a magnetoresistive effect element comprising
(a2) an artificial lattice multilayered structure com-
prising a thin magnetic layer and a non-magnetic
layer at least once successively deposited at least
two times, one of the magnetic thin layers having a
coercive force Heo, and another thin magnetic layer
deposited adjacent to the one of the thin magnetic
layers via the non-magnetic layer, having a coer-
cive force Hgs which is greater than the coercive
force Hco (0<Hc2<Hgs), (b) yokes positioned rela-
tive to the ariificial lattice multilayered structure
with a non-magnetic insulating layer disposed be-
tween the yokes and the artificial lattice multi-
layered structure, and (c) means for applying an
electrical current to the artificial lattice multilayered
structure, characterized in that the electrical current
is applied to the artificial lattice multilayered struc-
ture so that the electrical current runs in a negative
direction of an X axis, the X axis being defined so
that a Y axis is defined to be a magnetization
orientation when a magnetic field is equal to zero
after a magnetization of the another thin magnetic
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layer has been saturated, and a Z axis is defined to
be a direction from the artificial lattice multilayered
structure towards the yokes perpendicularly fo the
artificial lattice multilayered structure.

In yet another aspect, the invention provides a
magnetoresistive effect element comprising (a) an
artificial lattice multilayered structure comprising a
thin magnetic layer and a non-magnetic layer at
least once successively deposited, and (b) yokes
disposed relative to the artificial lattice multilayered
structure, characterized in that the yokes are over-
lapped with the artificial lattice multilayered struc-
ture at opposite ends of the multilayered structure,
an overlapping length of the yokes with the artificial
lattice multilayered structure is 2.0 um or more.

In still yet another aspect, the invention pro-
vides a magnetoresistive effect element comprising
(a2) an artificial lattice multilayered structure com-
prising a thin magnetic layer and a non-magnetic
layer at least once successively deposited, and (b)
yokes disposed relative to the artificial lattice mul-
tilayered structure, characterized in that the artifi-
cial lattice multilayered structure has a mag-
netoresistive height up to 10 um inclusive.

In further another aspect, the invention pro-
vides a magnetoresistive effect element comprising
(a2) an artificial lattice multilayered structure com-
prising a thin magnetic layer and a non-magnetic
layer at least once successively deposited, and (b)
a ring-shaped yoke positioned relative to the artifi-
cial lattice multilayered structure, characterized in
that a distance between a surface from which a
magnetic field is to be detected and the ariificial
lattice multilayered structure is greater than a gap
depth of the ring-shaped yoke, and the gap depth
is up to 5 um inclusive.

In a preferred embodiment, the multilayered
structure further comprising a further magnetic lay-
er and a thin antiferromagnetic layer so that the
multilayered structure is composed of a thin mag-
netic layer, a thin non-magnetic layer, a thin mag-
netic layer and a thin antiferromagnetic layer at
least once successively deposited in this order.

In another preferred embodiment, the multi-
layered structure further comprising a metallic thin
layer so that the mullilayered structure is com-
posed of a metallic thin layer, a thin magnetic
layer, a thin non-magnetic layer, a thin magnetic
layer and a thin antiferromagnetic layer at least
once successively deposited in this order.

In the above mentioned magnetoresistive effect
layered structure disclosed in Japanese Patent
Public Disclosure No. 4-218982, a difference in
coercive forces of thin magnetic layers disposed
adjacent to each other via a non-magnetic layer
causes orientation of magnetization of magnetic
layers positioned adjacent to each other by an
external magnetic field, to change parallelism fo
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antiparallelism to thereby cause a change in resis-
tance. In other words, supposing that each of adja-
cent magnetic layers has a coercive force Hee and
Hes (0<Hga<Hes), respectively, when an intensity H
of an external magnetic field is between the coer-
cive forces Hge and Hes (Hoa<H<Hcg), orientation of
magnetization of the adjacent thin magnetic layers
become opposite to each other, thereby a resis-
tance is increased. Thus, the magnetization of the
thin magnetic layer having a coercive force Hgs is
to be first saturated in order to cause a mag-
netoresistive effect element to operate properly.

In addition, in the multilayered structure in
question, an exchange bias force is generated by
forming a thin antiferromagnetic layer adjacent to
one of deposited magnetic layers between which a
non-magnetic layer is sandwiched. The thus gen-
erated exchange bias force causes orientation of
magnetization of adjacent magnetic layers to
change from parallelism to antiparallelism to there-
by cause a resistance variation. In other words,
supposing that a thin magnetic layer a bias of
which is exchanged by a thin antiferromagnetic
layer has anti-magnetic force Hex and an other thin
magnetic layer has a coercive force Heo -
(0<Hgpo<Hex), when an external magnetic field has
the intensity H intermediate between Hg, and Hex
(Hco<H<Hex), the orientation of magnetization of
the adjacent magnetic layers become opposite to
each other, thereby a resistance is increased.

In the multilayered structure composed of fine-
ly formed artificial lattice, there occurs mag-
netostatic coupling at ends of the multilayered
structure between adjacent thin magnetic layers
between which a non-magnetic thin interlayer is
sandwiched. Hence, even if an external magnetic
field has an intensity of zero, the magnetization of
adjacent magnetic layers is caused to be antiparal-
lel to each other at ends of a multilayered struc-
ture. That is, the thin magnetic layer having a
coercive force Hg, has the magnetization distribu-
tion in which the magnetization is being gradually
saturated from a center of the layer towards ends
of the layer in the width-wise direction of finely
formed pattern. Thus, the dynamic range to an
external magnetic field is rather small at ends of
the multilayered structure. This is the reason for
asymmetry of regenerated waveforms in a sensor
or a magnetic head.

A magnetic thin film having a coercive force
Heo has an excessive bias magnetic field at ends
thereof due to a thin magnetic layer having a
coercive force Hes or a thin magnetic layer a bias
of which is exchanged by a thin antiferromagnetic
layer. In order to improve this asymmetry, it is
preferable to apply a bias magnetic field to the
multilayered structure to thereby suppress the in-
fluence of magnetostatic coupling in a thin mag-
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netic layer having a coercive force Hga. In such
appliance of a bias magnetic field, it is indispen-
sable to cause an orientation of such a bias mag-
netic field to be the same as an orientation of
residual magnetization of a thin magnetic layer
having a coercive force Hgz or an orientation of
magnetization of a thin magnetic layer a bias of
which is exchanged by a thin antiferromagnetic
layer. A system for applying a bias magnetic field
to a magnetoresistive effect element can be se-
lected among a shunt bias system, an induction
field system using a current, a permanent magnet
bias system, a soil film bias system and an al-
ternate bias system.

The shunt bias system has a non-magnetic
conductive layer formed on a multilayered struc-
ture. A bias magnetic field is applied to mag-
netoresistive effect element by a magnetic field
generated by a sense current splitting to the non-
magnetic conductive layer. This system has advan-
tages that the system has a simple structure and
hence can be easily constructed.

In the induction field system, a non-magnetic
conductive layer is formed on a multilayered struc-
ture with a non-magnetic insulating layer being
sandwiched between the layers, and a bias mag-
netic field is applied to a magnetoresistive effect
element by running an electrical current through
the non-magnetic conductive layer.

The permanent magnet bias system has one or
more permanent magnet(s) disposed in the vicinity
of a multilayered structure to thereby apply to a
bias magnetic field to a magnetoresistive effect
element with a leakage magnetic field leaked from
the permanent magnet(s). This system utilizes
magnetostatic coupling between a permanent mag-
net and a multilayered structure to thereby cause a
bias magnetic field, and thus can provide a mul-
tilayered structure at ends thereof with a bias mag-
netic field having a greater intensity. As aforemen-
tioned, a magnetic thin film having a coercive force
Heo has an excessive bias magnetic field at ends
thereof due to a thin magnetic layer a bias of which
is exchanged by a thin antiferromagnetic layer.
Hence, this system is preferable for offsetting the
excessive magnetic field.

The soft film bias system utilizes magnetic
conjunction of a multilayered structure with a soil
magnetic layer disposed adjacent to the multilayer-
ed structure. The soft magnetic layer is magnetized
by a magnetic field generated by a sense current
running through a multilayered structure, and a
bias magnetic field is applied to a multilayered
structure with a leakage magnetic field leaked from
the magnetized soft magnetic layer. This system
can provide a large bias field at ends of a mul-
tilayered structure, and thus is preferable similarly
to the permanent magnet bias system.
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The alternate bias system uses two multilayer-
ed structures. A bias magnetic field is applied
alternately to a magnetoresistive effect element
with magnetic fields generated by running a sense
current through each of the multilayered structures.
This system enables to obtain double outputs or
operate a magnetoresistive effect element as a
differential element by operating both of the two
multilayered structures as a magnetoresistive effect
element.

It is possible to use at least two systems
among the above mentioned shunt bias system,
induction field system permanent magnet system,
soft film bias system and alternate bias system.

As aforementioned, even if an external mag-
netic field has an intensity of zero, the magnetiz-
ation of adjacent magnetic layers is caused to be
antiparallel to each other at ends of a multilayered
structure. That is, the thin magnetic layer having a
coercive force Hg, has the magnetization distribu-
tion in which the magnetization is being gradually
saturated from a center of the layer towards ends
of the layer in the width-wise direction of finely
formed pattern. On the other hand, a current field
generated by an electrical current running through
a multilayered structure considerably affects the
magnetization of the thin magnetic layer having a
coercive force Heo. In a case of a MR head having
a yoke, since a yoke composed of soil magnetic
substance is disposed at only one side of a mul-
tilayered structure, a magnetic field generated by
an electrical current running through a multilayered
structure is affected by the yoke to thereby have
asymmetrical distribution. The magnetization dis-
tribution of a thin magnetic layer having a coercive
force Hco is affected by an asymmetric electrical
current field to thereby have a difference in depen-
dence on a direction in which an electrical current
runs. Thus, the distribution of magnetization ori-
entation of thin magnetic layers disposed adjacent
to each other varies in dependence on a direction
in which an electrical current runs, thereby there
occurs a difference in regenerated outputs.

Hereinbelow will be explained, with reference
to Fig. 1, a positional relationship between a mul-
tilayered structure and a yoke and also a relation-
ship between an orientation of residual magnetiz-
ation of a thin magnetic layer having a coercive
force Hgs and a direction in which an electrical
current runs. For simplification, it is supposed that
a magnetoresistive effect film is composed of a
first thin magnetic layer 2, a non-magnetic layer 4,
a second thin magnetic layer 3, and a second thin
non-magnetic layer 4 successively deposited three
times in this order. The first thin magnetic layer 2
has a coercive forces Hcg, and the second thin
magnetic layer 3 has a coercive force Hgg which is
greater than the coercive force Heo (0<Hgo<Hgs). It
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is now supposed to run an electrical current in a
positive or negative direction of a X axis which is
defined so that a Y axis is defined to be an
orientation of residual magnetization of the second
thin magnetic layer 3, and a Z axis is defined to be
a direction from the multilayered structure towards
yokes 5a and 5b perpendicularly to a surface of the
first and second thin magnetic layers 2 and 3. That
is, the magnetization of the second thin magnetic
layer 3 is oriented in a direction indicated by an
arrow A. A width of finely formed pattern of a
magnetoresistive effect element corresponds to a
magnetoresistive (MR) height as illustrated in Fig.
1. When no electrical current runs through the
multilayered structure, the orientation of magnetiz-
ation of the first and second thin magnetic layers 2
and 3 is antiparallel to each other at ends of the
multilayered structure due to magnetostatic cou-
pling. That is, the magnetization of the first thin
magnetic layer 2 tends to be directed toward a
negative direction of the Y axis. Hence, the mag-
netization of the first thin magnetic layer 2 is dis-
fributed so that the ends thereof have a greater
degree of orientation toward a negative direction of
the Y axis than the center thereof. Hereinbelow will
be explained the magnetization orientation of the
first thin magnetic layer 6 located at the center of
the plurality of first thin magnetic layers 2.

Supposing that an electrical current is applied
in a positive direction of the X axis, a current field
generated by an electrical current running through
the non-magnetic thin layers 4 disposed closer to
the yokes 5a and 5b than the magnetic layer 6 is
gathered in the vicinity of the yokes 5a and 5b
because the yokes 5a and 5b is composed of
magnetic material having high magnetic permeabil-
ity. On the other hand, a current field generated by
an electrical current running through the non-mag-
netic thin layers 4 disposed farther away from the
yoke than the magnetic layer 6 is scarcely affected
by the yokes 5a and 5b, and thus the magnetic
layer 6 has a greater degree of orientation toward a
negative direction of the Y axis at the center there-
of. As a result, a variation in magnetization orienta-
tion of the magnetic layer 6 relative to a variation of
an external magnetic field is suppressed in a nega-
tive direction of the Y axis at the center of the
multilayered structure which have highest sensitiv-
ity to a magnetic field, thereby regenerated outputs
are caused to be smaller.

To the contrary, when a current is applied in a
negative direction of the X axis, the magnetization
at the center of the multilayered structure is distrib-
uted so that the magnetization weakens mag-
netostatic coupling. Thus, comparing to a case in
which a current is applied in a positive direction of
the X axis, a variation in magnetization of the
magnetic layer 6 relative to a variation of an exter-
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nal magnetic field is not suppressed, thereby re-
generated outputs are amplified. In addition, the
symmetry of regenerated waveforms are improved.

The dependency of regenerated outputs on a
direction in which a current runs due to the asym-
metry of a current field generated because of pres-
ence of the yokes 5a and 5b is found only when
the magnetic thin layer 2 is sandwiched by the
non-magnetic thin layers 4. Thus, the repeat num-
ber of deposition in the multilayered structure has
o be at least two.

Hereinbelow will be explained as to overlapping
length of the multilayered structure and the yoke,
and also as to the MR height. In a magnetoresistive
effect element having a yoke, a magnet flux gen-
erated from a magnetic medium is introduced from
the front yoke 5a to the multilayered structure, and
then to the rear yoke 5b. As aforementioned, the
magnetostatic coupling causes the dynamic range
to be smaller at the ends of the multilayered struc-
ture relative to a magnetic field generated by the
magnetic medium. Hence, it is necessary for con-
siderably enhancing regenerated outputs to prevent
a magnetic field having a large intensity from di-
rectly entering the ends of the multilayered struc-
ture by covering the ends with the yokes 5a and 5b
to thereby introduce magnetic flux to the center of
the multilayered structure having a large dynamic
range. What is required for the enhancement of
regenerated outputs is to overlap the multilayered
structure with the front and rear yokes 5a and 5b
for covering only the ends of the multilayered
structure which is affected by magnetostatic cou-
pling. Thus, excessively overlapping disadvanta-
geously results in the deterioration of regenerated
outputs. That is, the overlapping lengths L1 and L2
of the multilayered structure with the yokes 5a and
5b have optimal values regardless of the MR height
w of the multilayered structure.

If the MR height w is designed to be 10 um or
greater, the leakage of magnetic flux from the
multilayered structure occurs remarkably, and
hence the multilayered structure is not entirely
magnetized efficiently. As a result, regenerated out-
puts are deteriorated.

On the other hand, the magnetization of the
thin magnetic layer 2 having a coercive force Hg; is
considerably affected by a current field generated
by a sense current running through the multilayer-
ed structure. For instance, now supposing an artifi-
cial lattice structure composed of NiFe, Cu, Co and
Cu successively deposited in this order, NiFe has 7
uQ « cm, Cu has 1.4 uf « cm, and Co has 14 uQ
» cm of bulk resistivity at room temperature (RT),
and it is considered that a sense current runs
mainly through the Cu non-magnetic layer. Herein,
supposing that the repeat number N of the deposi-
tion in the multilayered structure is three. Even if
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there does not exist an external magnetic field, a
current field causes the magnetization of the firstly
and thirdly deposited magnetic layers is antiparallel
to each other. The antiparallelism shows that the
firstly and thirdly deposited magnetic layers 2 are
difficult to react with an external magnetic field.
Supposing that a current density of a sense current
running through the multilayered structure is kept
constant, as the repeat number N is made greater,
the influence of a current field becomes larger,
thereby the firstly and lastly deposited magnetic
layers 2 are made more difficult o react with an
external magnetic field with the result that the re-
generated outputs are deteriorated. Thus, the re-
peat number N is preferable to be five or smaller.

In the case that a magnetoresistive effect ele-
ment having ring-shaped yokes is to be used, it is
possible to reduce the leakage of magnetic flux
from the multilayered structure to an lower yoke by
setting a distance between a surface from which a
magnetic field is to be detected and the mul-
tilayered structure to be larger than a gap depth of
the ring-shaped yokes. In addition, it is possible to
reduce the leakage of magnetic flux from a front
yoke o an lower yoke through the gap by setting
the gap depth to be 5 um or shorter.

In accordance with the magnetoresistive effect
element explained so far, it is possible to enhance
regenerated outputs of the magnetoresistive effect
element and further improve the symmetry of
waveforms of regenerated waves.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective cross-sectional view
illustrating a magnetoresistive effect element.

Fig. 2A is a cross-sectional view illustrating a
first embodiment of the magnetoresistive effect ele-
ment in accordance with the invention.

Fig. 2B is a cross-sectional view illustrating a
variation of the first embodiment.

Fig. 3 is a cross-sectional view illustrating a
second embodiment of the magnetoresistive effect
element in accordance with the invention.

Fig. 4A is a front view illustrating a yoke-type
MR head in which is incorporated a magnetoresis-
tive effect element in accordance with the inven-
tion.

Fig. 4B is a cross-sectional view taken along
the line IV-IV of Fig. 4A.

Fig. 5 is a graph showing the dependency of
regenerated oufputs and symmetry of regenerated
waveforms on a bias field in a shunt bias system.

Fig. 6 is a graph showing the dependency of
internal magnetization of the secondly layered thin
magnetic layer on a bias field in a shunt bias
system.
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Fig. 7 is a graph showing the dependency of
regenerated oufputs and symmetry of regenerated
waveforms on a bias field in a permanent magnet
bias system.

Fig. 8 is a graph showing the dependency of
internal magnetization of the secondly layered thin
magnetic layer on a bias field in a permanent
magnet bias system.

Fig. 9 is a cross-sectional view illustrating a
third embodiment of the magnetoresistive effect
element in accordance with the invention.

Fig. 10 is a graph showing the dependency of
regenerated oufputs and symmetry of regenerated
waveforms on a direction in which a current runs.

Fig. 11 is a graph showing the dependency of
internal magnetization of the secondly layered thin
magnetic layer on a direction in which a current
runs.

Fig. 12 is a graph showing the dependency of
internal magnetization of the secondly layered thin
magnetic layer on a magnetic field derived from a
magnetic medium in the case that a current runs in
a positive direction of a X axis.

Fig. 13 is a graph showing the dependency of
internal magnetization of the secondly layered thin
magnetic layer on a magnetic field derived from a
magnetic medium in the case that a current runs in
a negative direction of a X axis.

Fig. 14 is a graph showing the relationship
between regenerated outputs and an overlapping
length of a multilayered structure with yokes.

Fig. 15 is a graph showing internal magnetiz-
ation distribution of the secondly layered thin mag-
netic layer in the case that a MR height is 5 um.

Fig. 16 is a graph showing internal magnetiz-
ation distribution of the secondly layered thin mag-
netic layer in the case that a MR height is 10 um.

Fig. 17 is a graph showing the relationship
between regenerated outputs and a MR height of a
multilayered structure.

Fig. 18 is a graph showing the relationship
between regenerated outputs and the repeat num-
ber N of deposition of a multilayered structure.

Fig. 19 is a graph showing internal magnetiz-
ation distribution of the secondly layered thin mag-
netic layer in the case that the repeat number N is
three.

Fig. 20 is a graph showing internal magnetiz-
ation distribution of the secondly layered thin mag-
netic layer in the case that the repeat number N is
five.

Fig. 21 is a graph showing the relationship
between regenerated outputs and a distance be-
fween a magnetoresistive effect element and a
surface from which a magnetic field is to be de-
tected.

Fig. 22 is a graph showing the relationship
between regenerated outputs and a gap depth h of
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yokes.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Preferred embodiments in accordance with the
present invention will be explained hereinbelow
with reference to drawings.

[Embodiment 1]

Fig. 2A illustrates a first embodiment of the
magnetoresistive effect element in which the shunt
bias system is adopted. As illustrated, a mag-
netoresistive effect element 1a is constructed as an
artificial lattice magnetoresistive effect element
which has a multilayered structure 1A including a
thin magnetic layer 2a composed of NiFe and 1.5
nm thick, a thin non-magnetic layer 4a composed
of Cu and 3.5 nm thick, a thin magnetic layer 3a
composed of Co and 1.5 nm thick, and a thin non-
magnetic layer 4a composed of Cu and 3.5 nm
thick successively deposited in this order three
times. The magnetoresistive effect element 1a has
a finely formed pattern width corresponding to MR
height as illustrated in Fig. 2A.

It should be noted that a last non-magnetic Cu
layer 4a is not formed. The magnetoresistive effect
element 1a further includes a non-magnetic con-
ductive layer 7a composed of a thin Cu layer which
is positioned adjacent to the thin magnetic layer 2a
disposed at an end of the multilayered structure
1A. As shown in Fig. 2A, an X axis is defined so
that the orientation B of residual magnetization of
the thin magnetic layer 3a is a positive direction of
a Y axis, and a direction from the non-magnetic
conductive layer 7a to the thin magnetic layer 3a
perpendicularly to an end surface of the multi-
layered structure 1A is a positive direction of a Z
axis. By running a sense current in a negative
direction 9a of the X axis, it is possible to apply a
bias field to the multilayered structure 1A in a
positive direction of the Y axis.

Fig. 2B is a variation of the above mentioned
first embodiment. As illustrated, a permanent mag-
net 30 may be used in place of the non-magnetic
conductive layer 7a through which a sense current
is to run. The permanent magnet 30 also serves to
apply a bias field to the multilayered structure 1A.

[Embodiment 2]

Fig. 3 illustrates a second embodiment of the
magnetoresistive effect element adopting the shut
bias system. As illustrated, a magnetoresistive ef-
fect element 1b in accordance with the second
embodiment is constructed as an artificial lattice
magnetoresistive effect element which has a mul-
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tilayered structure 1B including a thin metallic layer
8 composed of Cu and 3 nm thick, a thin magnetic
layer 2b composed of NiFe and 5 nm thick, a thin
non-magnetic layer 4b composed of Cu and 2.5
nm thick, a thin magnetic layer 3b composed of
NiFe and 5 nm thick, and a thin antiferromagnetic
layer 18 composed of FeMn and 10 nm thick
successively deposited in this order three times.
The magnetoresistive effect element 1b has a fine-
ly formed pattern width corresponding to MR
height as illustrated in Fig. 3.

The magnetoresistive effect element 1b further
includes a non-magnetic conductive layer 7b com-
posed of a thin Cu layer which is positioned adja-
cent to the thin metallic layer 8 disposed at an end
of the multilayered structure 1B. As shown in Fig.
3, an X axis is defined so that the orientation C of
the thin magnetic layer 3b which is exchanged a
bias thereof by the thin antiferromagnetic layer 18
is a positive direction of a Y axis, and a direction
from the non-magnetic conductive layer 7b to the
multilayered structure 1B perpendicularly to an end
surface of the multilayered structure 1B is a posi-
tive direction of a Z axis. By running a sense
current in a negative direction 9b of the X axis, it is
possible to apply a bias field to the multilayered
structure 1B in a positive direction of the Y axis.

The measurements of regenerated outputs and
waveforms were carried out by using a yoke-type
MR head illustrated in Figs. 4A and 4B into which
the magnetoresistive effect element 1a or 1b are
incorporated. With reference to Figs. 4A and 4B,
the yoke-type MR head includes a ferromagnetic
substrate 11 which is composed of NiZn ferrite and
constructing a back yoke. The ferromagnetic sub-
strate 11 is formed with a recess which is 30 um
wide and 30 um deep. The recess is filled with
non-magnetic insulating material 12 such as glass.
On the non-magnetic insulator 12 is formed the
magnetoresistive effect element 1a or 1b having
the MR height of 10 um. A pair of yokes 15 and 16
is provided so that they overlap the magnetoresis-
tive effect element 1a or 1b through electrodes 13
and a non-magnetic insulating layer 14. The elec-
trodes 13 are composed of Au and 0.24 um thick,
and the non-magnetic insulating layer 14 is com-
posed of SiO> and 0.2 um thick. The yokes 15 and
16 are composed of NiFe and 1 um thick. The
overlapping portion of the magnetoresistive effect
element 1a or 1b with the yokes 15 and 16 is 2 um
long.

It should be noted that the non-magnetic in-
sulating layer 14 is omitted in Fig. 4A for making it
easy to understand a positional relationship be-
tween the magnetoresistive effect element 1a or 1b
and the yokes 15 and 16. A record medium 17 is
composed of double layers comprising a perpen-
dicular magnetic record layer 17a and an under-
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lying layer 17b. The perpendicular magnetic record
layer 17a is 0.1 um thick, and has a record bit
length of 1 um. The underlying layer 17b is 0.05
um thick. A spacing between the yoke-type MR
head and the record medium 17 is set to be 0.02
um.

Fig. 5 shows regenerated outputs and sym-
metry of regenerated waveforms. The regenerated
outputs are normalized ones. The intensity of a
bias field was controlled by varying a thickness of
the non-magnetic conductive layer 7a or 7b. Fig. 5
shows that the symmetry of regenerated
waveforms is gradually improved by appliance of a
bias field.

Hereinbelow will be explained the results of
Fig. 5 from the viewpoint of the distribution of
internal magnetization of the magnetoresistive ef-
fect element. The following is analysis of the mag-
netization relative to a change of a signal field due
to the two layers deposited medium 17 of the
yoke-type head to which the magnetoresistive ef-
fect element in accordance with the invention is
applied. The analysis was carried out using an
integral element method. In this analysis, it is sup-
posed that a variation in an angle formed between
the thin magnetic layers 2a or 2b and 3a or 3b
disposed at opposite sides of the thin non-mag-
netic layer 4a or 4b would cause magnetoresistive
effect to occur. The resistivity p of the thin non-
magnetic layer 4a or 4b is calculated based on the
following equation (A) in which po represents the
resistivity when a magnetic field has an intensity of
zero and Ap represents a variation of the resistivity.

p = po-05eApecos (A)

Fig 6 shows internal magnetization of the sec-
ondly deposited magnetic layer 10a or 10b (see
Figs. 2 and 3) which is one of the thin magnetic
layers 2a or 2b with a thickness of the non-mag-
netic conductive layer 7a or 7b being used as a
parameter. There does not exist a magnetic field
derived from the record medium 17. The MR
height is set to be 3 um, and the overlapping
length of the magnetoresistive effect element 1a or
1b with the yokes 15 and 16 is set to be 1 um.
When a bias field is equal to zero in strength, the
magnetization of the thin magnetic layer 10a or 10b
is considerably affected at the ends thereof due to
the magnetostatic coupling with the thin magnet
layer 3a or 3b, and has a distribution in which the
magnetization has the orientation opposite to that
of the thin magnetic layer 3a or 3b. The magnetiz-
ation of the thin magnetic layer 10a or 10b is
directed in a negative direction even at the center
of the multilayered structure 1A or 1B. This is why
the center of the multilayered structure 1A or 1B is
affected by the magnetostatic coupling because
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the magnetoresistive effect element 1a or 1b has a
small MR height.

It can be understood that when a bias field is
applied to the magnetoresistive effect element, the
influence of the magnetostatic coupling is offset as
a bias field becomes more intensive. The intensity
of the bias field is controlled by controlling a thick-
ness of the non-magnetic conductive layer 7a or
7b. However, it has been found that a thickness of
the non-magnetic conductive layer 7a or 7b for
obtaining a bias field having a desired intensity
may be varied in dependence on the MR height of
the magnetoresistive effect element, and that the
preferable range of the thickness of the non-mag-
netic layer conductive 7a or 7b is between 2 nm
and 20 nm both inclusive.

Fig. 7 shows regenerated outputs and sym-
metry of regenerated waveforms in the case that a
bias field is applied to a magnetoresistive effect
element by means of the permanent magnet bias
system. The regenerated outputs are normalized
ones. The intensity of a bias field is controlled by
varying residual magnetic flux of a permanent
magnet(s). It can be understood that the symmetry
of regenerated waveforms is gradually improved by
appliance of a bias field.

Fig. 8 shows the resulis of calculation of mag-
netization of an internal field of the thin magnetic
layers by means of the above mentioned magnetiz-
ation analysis. It can be understood from Fig. 8 that
the influence of the magnetostatic coupling is offset
by appliance of a bias field, and that the offset is
remarkable in particular at the ends of the layer. It
has been found that the residual magnetic flux of a
permanent magnet(s) for obtaining a bias field hav-
ing a desired intensity is varied in dependence on
the MR height of the magnetoresistive effect ele-
ment, and that the preferable range thereof is be-
tween 1000 G and 5000 G both inclusive.

The results as aforementioned can be found
also in the induction field system, soft film bias
system and alternate bias system. The above men-
tioned shunt bias system, the induction field sys-
tem, the permanent magnet bias system, the soil
film bias system and the alternate bias system may
be used alone or in combination with each other.

[Embodiment 3]

Fig. 9 illustrates a third embodiment of the
magnetoresistive effect element 1c in accordance
with the invention. The magnetoresistive effect ele-
ment 1¢ has a multilayered structure 21 comprising
a thin metallic layer 25, a thin magnetic layer 22, a
thin non-magnetic layer 26, a thin magnetic layer
23 and a thin antiferromagnetic layer 24 succes-
sively deposited three times. It is now supposed
that the thin magnetic layer 23 a bias of which is
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exchanged by the thin antiferromagnetic layer 24
has an antimagnetic force Hex and the thin mag-
netic layer 22 has a coercive force Hg -
(O<Hc2<Hex). A Y axis is defined to be an orienta-
tion of residual magnetization of the thin magnetic
layer 23, and a Z axis is defined to be a direction
from the multilayered structure 21 towards yokes
27 and 28 perpendicularly to a surface of the thin
magnetic layers 22 and 23. The definition of the Y
and Z axes automatically defines a X axis. A sense
current is o run through the multilayered structure
21 in a direction of the thus defined X axis. Thus,
the magnetization of the thin magnetic layer 23 is
oriented in a direction indicated by an arrow 29.
The yoke-type magnetoresistive effect element 1c
has a finely formed pattern width corresponding to
a MR height w. When no current runs through the
multilayered structure 21, the orientations of mag-
netization of the thin magnetic layers 22 and 23 are
antiparallel at ends of the multilayered structure 21
due to magnetostatic coupling. In other words, the
magnetization of the thin magnetic layer 22 tends
to be oriented toward a negative direction of the Y
axis, and hence the magnetization of the thin mag-
netic layer 22 has a magnetization distribution in
which the magnetization is oriented toward a nega-
tive direction of the Y axis to greater degree at the
ends of the multilayered structure 21 than at the
center of the multilayered structure 21.

In a magnetoresistive effect element having a
yoke, a magnet flux derived from a magnetically
recording medium is intfroduced from a yoke front
27 to a yoke rear 28 through the multilayered
structure 21. As aforementioned, the magnetostatic
coupling causes the dynamic range relative to a
magnetic field generated by the magnetic medium
to be smaller at the ends of the multilayered struc-
ture 21. Hence, it is necessary for considerably
enhancing regenerated outputs to prevent a mag-
netic field having a large intensity from directly
entering the ends of the multilayered structure 21
by covering the ends with the yokes 27 and 28 to
thereby introduce a magnetic flux to the center of
the multilayered structure having a large dynamic
range. What is required for the enhancement of
regenerated outputs is to overlap the multilayered
structure 21 with the front and rear yokes 27 and
28 for covering only the ends of the multilayered
structure 21 which is affected by magnetostatic
coupling. Thus, excessively overlapping disadvan-
tageously results in the deterioration of regenerated
outputs. That is, the overlapping lengths L1 and L2
of the multilayered structure 21 with the yokes 27
and 28 have optimal values, specifically, L1, L2 <
2.0 um, regardless of the MR height w of the
multilayered structure 21.

If the MR height w is designed to be 10 um or
greater, the remarkable leakage of magnetic flux
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from the multilayered structure 21 occurs, and
hence the whole multilayered structure 21 is not
efficiently magnetized. As a result, regenerated out-
puts are deteriorated.

In this embodiment, the repeat number N of
deposition of layers 25, 22, 26, 23 and 24 is three.
However, as mentioned earlier, the repeat number
N is preferable to be five or less.

Fig. 10 shows the dependency of regenerated
outputs and symmetry of regenerated waveforms
on a direction in which an electrical current runs. It
can be understood that when a current is to run in
a negative direction of the X axis, the significant
enhancement of regenerated outputs and the im-
provement of the symmetry of generated
waveforms can be obtained in comparison with a
case wherein a current is to run in a positive
direction of the X axis.

Hereinbelow will be explained the above men-
tioned results from the viewpoint of the distribution
of internal magnetization of the magnetoresistive
effect element. The following is analysis of the
magnetization relative to a variation of a signal field
due to the two layers deposited medium 17 of the
yoke-type MR head to which the magnetoresistive
effect element in accordance with the invention is
applied. The analysis was carried out using an
integral element method. In this analysis, it is sup-
posed that a current runs only through the thin
non-magnetic layer 26 at a current density of 1 x
107 A/cm?, and that a change in an angle formed
between the thin magnetic layers 22 and 23 dis-
posed at opposite sides of the thin non-magnetic
layer 26 would cause magnetoresistive effect to
occur. The resistivity p of the thin non-magnetic
layer 26 is calculated based on the earlier men-
tioned equation (A) in which po represents the
resistivity when a magnetic field has an intensity of
zero and Ap represents a variation of the resistivity.

p = po-05eApecos (A)

Fig. 11 shows the dependency of the internal
magnetization of the thin magnetic layer 22a on a
direction in which a current runs in the case that a
magnetic field derived from the record medium 17
is zero. The MR height is 3 um, and the overlap-
ping length of the multilayered structure 21 with the
yokes 27 and 28 is 1 um. It can be understood that
the magnetization is distributed in such a way that
the magnetization at the ends of the thin magnetic
NiFe layer 22a has an orientation opposite to that
of the thin magnetic layer 23 due to the mag-
netostatic coupling of the thin magnetic layer 22a
with the magnetic layer 23.

When a current runs in a positive direction of
the X axis, a current field generated by a current
running through the thin non-magnetic layers 26
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located closer to the yokes 27 and 28 than the thin
magnetic layer 22a is gathered to the yokes, and
hence the distribution of magnetization of the thin
magnetic layer 22a is shifted to be positive in an
area at which the multilayered structure 21 over-
laps the yokes 27 and 28. On the other hand, a
current field generated by a current running
through the thin non-magnetic layers 26 located
farther away from the yokes 27 and 28 than the
thin magnetic layer 22a is scarcely affected by the
yokes 27 and 28. Hence, a current field distribution
at opposite sides of the thin magnetic layer 22a
becomes asymmetrical, and a magnetization dis-
tribution in the vicinity of the center of the thin
magnetic layer 22a is shifted to be negative.

When a current runs in a negative direction of
the X axis, the magnetization distribution becomes
fortuous in a direction opposite to that of the case
wherein a current runs in a positive direction of the
X axis. As a result, as shown in Fig. 12, in the case
that a current runs in a positive direction of the X
axis, the magnetization is saturated, when a mag-
netic field derived from the record medium is mini-
mum, in the vicinity of the center of the thin mag-
netic layer 22a having the highest sensitivity fo a
magnetic field, thereby regenerated outputs are
suppressed. On the other hand, as shown in Fig.
13, it can be understood that in the case that a
current runs in a negative direction of the X axis, a
variation of magnetization can be sufficiently de-
tected.

Fig. 14 shows a relationship between the over-
lapping length of the multilayered structure 21 with
the yokes 27 and 28 and the regenerated outputs
in the case of the MR height in the third embodi-
ment is set o be 5 um and 10 um. The regener-
ated outputs are normalized as one obtained when
the overlapping length is zero. It can be understood
from Fig. 14 that the overlapping length at which
the regenerated output is maximum is located be-
tween 1.0 um and 1.5 um in both cases wherein
the MR height is 5 um or 10 um. Even when the
MR height is not 5 um and 10 um but other value,
the overlapping length L1, L2 at which the regener-
ated output is maximum is denoted with the follow-
ing equations.

O<L1 =2.0um 0<L2 = 2.0 um

Hereinbelow will be explained the above men-
tioned results from the viewpoint of the distribution
of internal magnetization of the magnetoresistive
effect element. The following is analysis of the
magnetization relative to a variation of a signal field
due to the two layers deposited medium 17 of the
yoke-type MR head to which the magnetoresistive
effect element 1c¢ in accordance with the invention
is applied. The analysis was carried out using an
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integral element method. In this analysis, it is sup-
posed that a sense current runs only through the
thin non-magnetic Cu layer 26 at a current density
of 1 x 107 A/lcm? Figs. 15 and 16 shows the
distribution of internal magnetization in a second
magnetic layer 22a in a MR height-wise direction in
the case that the MR height is 5 um and 10 um,
respectively. The repeat number N of deposition is
three, and the overlapping length of the multi-
layered structure 21 with the yokes 27 and 28 is 1
um. It can be understood that the magnetization is
distributed in such a way that the magnetization at
the ends of the thin magnetic layer 22a has an
orientation opposite to that of the thin magnetic
layer 23 due to the magnetostatic coupling of the
thin magnetic layer 22a with the magnetic layer 23.
Thus, the dynamic range to an external magnetic
field in a negative direction of the Y axis is quite
small. The length of the ends of the multilayered
structure subject to the magnetostatic coupling re-
mains almost the same in the cases of 5 um and
10 um of the MR height. Accordingly, it can be
understood that an external magnetic field derived
from a magnetic medium is slightly affected by the
magnetostatic coupling and thus introduced to the
center of the multilayered structure having a large
dynamic range by covering the ends of the mul-
tilayered structure with the yokes, thereby it is
possible to efficiently magnetize the multilayered
structure.

Fig. 17 shows a relationship between the MR
height of the multilayered structure and the regen-
erated outputs. It can be understood that the re-
markable leakage of magnetic flux occurs from the
multilayered structure to thereby cause the regen-
erated outputs to be reduced, when the MR height
is 10 um or more. Accordingly, the MR height is
preferable to be 10 um or less.

Fig. 18 shows a relationship between the re-
peat number N of deposition and the regenerated
outputs. It can be understood that the regenerated
outputs are decreased in inverse proportion o the
repeat number N. Hereinbelow will be explained
this relationship. Figs. 19 and 20 show the distribu-
tion of internal magnetization in each of the thin
magnetic layers 22 in the case of the repeat num-
ber N being equal to three and five, respectively.
An external magnetic field derived from the mag-
netic record medium is zero, the MR height of the
multilayered structure 21 is 3 um, and the overlap-
ping length of the multilayered structure 21 with the
yokes 27, 28 is 1 um. With reference to Fig. 19
showing the case that the repeat number N is
three, it can be understood that the firstly and
thirdly layered magnetic layers 22 are caused by a
sense current field to have oppositely directed ori-
entation. In particular, the magnetization of the first-
ly layered magnetic layer 22 is saturated in a
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negative direction of the Y axis entirely in a MR
height-wise direction. This shows the magnetization
of the firstly layered magnetic layer 22 cannot be
rotated when an external magnetic field derived
from the magnetic medium is oriented in a nega-
tive direction of the Y axis. On the other hand, in
the case that the repeat number N is five, both of
the firstly and secondly layered magnetic layers 22
are saturated in a negative direction of the Y axis.
Hence, it can be understood that there are in-
creased magnetic layers which cannot magnetically
rotate in response to an external magnetic field
derived from the magnetic record medium.

As aforementioned, the greater repeat number
N causes the dynamic range to be smaller with the
result of the deterioration of the regenerated out-
puts. Thus, the repeat number N of deposition is
preferable to be five or less.

The above mentioned third embodiment is con-
structed as a yoke-type magnetoresistive effect
element, however, it is possible to construct a
magnetoresistive effect element as one with a ring-
shaped yokes, having a structure as illustrated in
Figs. 4A and 4B. In the magnetoresistive effect
element having a ring-shaped yokes, it is possible
to reduce the leakage of magnetic flux from the
magnetoresistive effect element 1c to the ferro-
magnetic substrate 11 by setting a distance be-
tween a surface from which a magnetic field is to
be detected and the multilayered structure to be
longer than a gap depth h as defined in Figs. 4A
and 4B. In addition, the gap depth h shorter than 5
um makes it possible to reduce the leakage of
magnetic flux from the front yoke 15 to the fer-
romagnetic substrate 11 through the gap.

Fig. 21 shows a relationship between regener-
ated outputs and a distance between the surface
from which a magnetic field is to be detected and
the multilayered structure in the case that the gap
depth h is 3 um. It can be understood that it is
possible to enhance the regenerated outputs by
setting the distance mentioned above to be longer
than the gap depth h.

Fig. 22 shows a relationship between regener-
ated outputs and a gap depth h. It can be under-
stood that the regenerated outputs are consider-
ably dependent on the gap depth h, and that the
regenerated outputs are increased when the gap
depth h is 5 um or less.

It should be noted that the multilayered struc-
ture 1A, 1B or 21 in the preferred embodiments
mentioned earlier may be formed so that (a) a thin
magnetic layer, a thin non-magnetic layer, a thin
magnetic layer and a thin non-magnetic layer are
at least once successively deposited in this order,
(b) a thin magnetic layer, a thin non-magnetic lay-
er, a thin magnetic layer and a thin antiferromag-
netic layer are at least once successively deposited
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in this order, or (¢) a thin metallic layer, a thin
magnetic layer, a thin non-magnetic layer, a thin
magnetic layer and a thin antiferromagnetic layer
are at least once successively deposited in this
order.

Claims

1.

A magnetoresistive effect element (1a) com-
prising (a) an artificial lattice multilayered
structure (1A) comprising a thin magnetic layer
(2a, 3a) and a non-magnetic layer (4a) at least
once successively deposited, one of the mag-
netic thin layers (2a) having a coercive force
Heo, and another thin magnetic layer (3a) de-
posited adjacent to the one (2a) of the thin
magnetic layers through the non-magnetic lay-
er (4a), having a coercive force Hgs which is
greater than the coercive force Hg -
(0<Hg2<Hgs), and (b) bias field applying means
for applying a bias magnetic field to the artifi-
cial lattice multilayered structure (1A), char-
acterized in that

the bias magnetic field is applied to the
artificial lattice multilayered structure (1A) so
that an orientation of residual magnetization of
the another thin magnetic layer (3a) is the
same as an orientation of a bias magnetic field
to be applied to the ariificial lattice multilayer-
ed structure (1A).

A magnetoresistive effect element (1b) com-
prising (a) an artificial lattice multilayered
structure (1B) comprising a first thin magnetic
layer (2b), a thin non-magnetic layer (4b) and a
second thin magnetic layer (3b) at least once
successively deposited in this order, and (b)
bias field applying means for applying a bias
magnetic field to the artificial lattice multilayer-
ed structure (1B), characterized in that

the artificial lattice multilayered structure
(1B) further comprising a thin antiferromagnetic
layer (18) so that the artificial lattice multi-
layered structure (1B) comprises the first thin
magnetic layer (2b), the thin non-magnetic lay-
er (4b), the second thin magnetic layer (3b)
and the thin antiferromagnetic layer (18) at
least once successively deposited in this or-
der, and

the bias magnetic field is applied to the
artificial lattice multilayered structure (1B) so
that an orientation of magnetization of a thin
magnetic layer a bias of which is exchanged
by the thin antiferromagnetic layer (18) is the
same as an orientation of a bias magnetic field
to be applied to the ariificial lattice multilayer-
ed structure (1B).
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22

The magnetoresistive effect element (1a, 1b)
as recited in claim 1 or 2, wherein the bias
field applying means includes a shunt layer
(7a) a separation of which cause a magnetic
field, the shunt layer (7a) being composed of a
nonmagnetic layer having a thickness ranging
from 2 nm to 20 nm both inclusive.

The magnetoresistive effect element (1a, 1b)
as recited in claim 1 or 2, wherein the bias
field applying means includes a permanent
magnet for producing a magnetic field, the
permanent magnet having a residual magnetic
flux density ranging from 1000 G to 5000 G
both inclusive.

The magnetoresistive effect element (1a, 1b)
as recited in claim 1 or 2, wherein the bias
field applying means includes means for gen-
erating an induction field by means of an elec-
trical current.

The magnetoresistive effect element (1a, 1b)
as recited in claim 1 or 2, wherein the bias
field applying means includes a soft magnetic
film which generates a leakage magnetic field.

The magnetoresistive effect element (1a, 1b)
as recited in claim 1 or 2, wherein the bias
field applying means includes means for run-
ning a sense current through two of the artifi-
cial lattice multilayered structure to thereby
generate a bias field.

A magnetoresistive effect element (1a, 1b, 1¢)
comprising (a) an artificial lattice multilayered
structure (1A, 1B, 21) comprising a thin mag-
netic layer (2a, 3a, 2b, 3b, 22, 23) and a non-
magnetic layer (4a, 4b, 26) at least once suc-
cessively deposited at least two times, one of
the magnetic thin layers (2a, 2b, 22) having a
coercive force Hgp, and another thin magnetic
layer (3a, 3b, 23) deposited adjacent to the
one (2a, 2b, 22) of the thin magnetic layers via
the non-magnetic layer (4a, 4b, 26), having a
coercive force Hgz which is greater than the
coercive force Hgy (0<Hco<Hcs), (b) yokes (15,
16, 27, 28) positioned relative to the artificial
lattice multilayered structure (1A, 1B, 21) with
a non-magnetic insulating layer (12) disposed
between the yokes (15, 16, 27, 28) and the
artificial lattice multilayered structure (1A, 1B,
21), and (c) means for applying an electrical
current to the artificial lattice multilayered
structure (1A, 1B, 21), characterized in that

the electrical current is applied to the artifi-
cial lattice multilayered structure (1A, 1B, 21)
so that the electrical current runs in a negative
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direction of an X axis, the X axis being defined
so that a Y axis is defined to be a magnetiz-
ation orientation when a magnetic field is equal
to zero after a magnetization of the another
thin magnetic layer (3a) has been saturated,
and a Z axis is defined to be a direction from
the artificial lattice multilayered structure (1A,
1B, 21) towards the yokes (15, 16, 27, 28)
perpendicularly to the artificial lattice multi-
layered structure (1A, 1B, 21).

A magnetoresistive effect element (1a, 1b, 1¢)
comprising (a) an artificial lattice multilayered
structure (1A, 1B, 21) comprising a thin mag-
netic layer (2a, 2b, 22, 3a, 3b, 23) and a non-
magnetic layer (4a, 4b, 26) at least once suc-
cessively deposited, and (b) yokes (15, 16, 27,
28) disposed relative to the artificial lattice
multilayered structure (1A, 1B, 21), character-
ized in that

the yokes (15, 16, 27, 28) are overlapped
with the artificial lattice multilayered structure
(1A, 1B, 21) at opposite ends of the mul-
tilayered structure (1A, 1B, 21), an overlapping
length of the yokes (15, 16, 27, 28) with the
artificial lattice multilayered structure (1A, 1B,
21) is 2.0 um or more.

A magnetoresistive effect element (1a, 1b, 1¢)
comprising (a) an artificial lattice multilayered
structure (1A, 1B, 21) comprising a thin mag-
netic layer (2a, 2b, 22, 3a, 3b, 23) and a non-
magnetic layer (4a, 4b, 26) at least once suc-
cessively deposited, and (b) yokes (15, 16, 27,
28) disposed relative to the artificial lattice
multilayered structure (1A, 1B, 21), character-
ized in that

the artificial lattice multilayered structure
(1A, 1B, 21) has a magnetoresistive height up
fo 10 um inclusive.

A magnetoresistive effect element (1a, 1b, 1¢)
comprising (a) an artificial lattice multilayered
structure (1A, 1B, 21) comprising a thin mag-
netic layer (2a, 2b, 22, 3a, 3b, 23) and a non-
magnetic layer (4a, 4b, 26) at least once suc-
cessively deposited, and (b) a ring-shaped
yoke (15, 16) positioned relative to the artificial
lattice multilayered structure (1A, 1B, 21), char-
acterized in that

a distance between a surface from which a
magnetic field is to be detected and the artifi-
cial lattice multilayered structure (1A, 1B, 21)
is greater than a gap depth of the ring-shaped
yoke (15, 16), and the gap depth is up to 5 um
inclusive.
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The magnetoresistive effect element (1b, 1c¢)
as recited in any of the claims 8 to 11, wherein
the multilayered structure (1B, 21) further com-
prising a further magnetic layer (3b) and a thin
antiferromagnetic layer (18) so that the mul-
tilayered structure (1B, 21) is composed of a
thin magnetic layer (2b), a thin non-magnetic
layer (4b), a thin magnetic layer (3b) and a thin
antiferromagnetic layer (18) at least once suc-
cessively deposited in this order.

The magnetoresistive effect element (1b, 1c¢)
as recited in claim 12, wherein the multilayered
structure (1B, 21) further comprising a metallic
thin layer (8, 25) so that the multilayered struc-
ture (1B, 21) is composed of a metallic thin
layer (8), a thin magnetic layer (2b), a thin non-
magnetic layer (4b), a thin magnetic layer (3b)
and a thin antiferromagnetic layer (18) at least
once successively deposited in this order.
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